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^ qoen^fordiecoatioIlaUeosdllatDrlolodctDacam 

lespuk&i ve to die <^set frequency being substsoitiany equal to the symbol rate divided by four or an integer mul tq)k thaeof . The 
Q receiveTfiniher indudes ihefolsecanierJ^ 

^ ^ ^ second detector for detennimng^wiietfier an inter\n^ betft^ccnthe consecuti\'e s>Tnbols is outside apic- 

determined distance from tbe or igrn. 
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DEVICE AND MEnKH>SPCKRU^CAlUUERIXCKDErECrK»< IN A RECEIVER 



lire present invention relates to ti»e field of communicatioiK, ami, more 
particularly, to radio comintmicatians using quadrature amplitude modulaticm 
5 (QAM)^gnals. 

Quadrature amplitude modulation (QAM) is widdy used for digital data 
transmission over radio links. WjOi the applications in inter-active technologies such 
as Digital TV and the Internet, QAM as a communications techndogy, wifl continue 
to be integrated faito consumer dectronic devices. Indeed, hi^ d^tion television 

10 (HDTV) signals win be transmitted as compressed digitized data using QAM. QAM 
transmits data as a sequence of two-dimensional complex symbols, Le. with both 
in-phase and quadrature components. Each symbol adopts a specific pre-defined 
value based upon the data it represents. A set of all of the values avaflable for 
transmission defines a character set which forms a constellation, when graphically 

15 plotted on a two-dimensional basis. 

The size and shape of tiie omsteilation depends upon the number of discrete 
values in the set and tiieir spatial location in the constellation. The ccMistellatian 
proposed for use in broadcasting HDTV data contains, e.g., 16, 32 or 64 values. 

To receive a QAM signal, a QAM demodulator witiiin a receiver performs tfie 

20 functions of timing recovery, equalization and carrier recovery. Carrier recovery 
creates a reference carrier for determination of in-phase (i) and quadrature 
modulated (q) components, both in terms of fiequency and phase, such tfiat tfie 
received demodulated symbols do not rotate when the carrier is locked. It is the 
carrier signal tiiat is quadrature modulated by the symbols and then transmitted to 

25 the receiver. Carrier recovery must be able to properly ftmction in the presence of 
varying fi-equency offisets, drift and/or jitter tfiat often occurs between a QAM 
transuiiller and the receiver. 

Through carrier recovery, a carrier frequency ofeet value is typically 
translated into a dnect current (DQ value or digitized value that is used as a control 

30 input to a voltage or numerically controHed oscillator witiun a phase-locked loop. 
The output of this oscillator, being locked in frequency and phase to tile reference 
carrier signal, is tiien used to exbract, for example, baseband quadrahire modulated 
information fixim the received signal. 

In a QAM demodidator, a circuit is used to detect that the demodulator is 

J5 locked, i.e., that the carrier and clock recovery loops are synchronized. This circuit is 
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often called an Eye Quality Monitor f^M"). If it detects that the demodulator is 
unlocked, then the demodulator enters the acquisiticm mode and tfie carrier recovery 
circuit searches for the right carrier frequency, for example, by the use of a sweep 
circuit 

5 A carrier recovery drcuit for a QAM demodulator is disclosed mUie 

specifications of VS. Patent No. 5,471,508. The carrier recoveiy dicuit is operated in 
tv^o modes: an acquisition mode to first attain an initial carrier lock, during which 
reduced constellation slicing is used; and a tracking (or lock) mode, during which full 
slicing is used to accurately track variations in frequency and plu^ that may cxxatr 
10 to the carrier while Ae circuit remains locked. 

Detecting the constellation size of a QAM signal is disclosed in the 
speci&ations of US. Patmt Na 5381,450, The probability density function of a 
received QAM signal is analyzed to determine the constellation size, e.g., 4, 16, 32, 
etc. 

15 A problem can arise with the standard algorithms in tiiat if Hve voltage 

controlled osciOaior ("VCO^ in the carrier recoveiy circuit oscillates with an offoet 
frequency of exacdy 1^4 (Rs is the Symbol Rate), or a multiple of Rs/4,the 
demodulator would be erroneously dedared locked. This is called a false-lock 
conditicm. Itcanoccurwh^ the symbol rate of the system is low, so diatR5/4 is 

20 inside the locking range of the carrier recovery. 

A convmtional way to perf omi the EQM function is to examine the received 
constellation (FIG. 1). The received signal is sampled once s3rmboI at the 
optimum sampling instant, and if there are too many non-valid ^mibols during a 
certain j^od,aie demodulator is d^Jared unlocked. If the VCO in the carrier 

» i«»veryosciUates with an ofifeet of exactly 1^4, tltenttecomtellati^ 

Rs/4* Accordingly, between each sample, it moves by exactly one quadrant and the 
received symbols are declared valid. 

The present invention includes a recehrer for a quadratme anq>litude modulated 
(QAM) signal conq^risii^ a demodulator for generating, from the QAM mgjaai, receh^ed 

30 symbols about an origin at a symbol rate, said demodulator coni pj isin g a controHabie 
oscillator and an offset frequency generator for ger^rating an offset frequency for said 
amtroUabk osdlktor to lock to a carrier of the QAM signal chanKiei^ 
demodulator being susceptible to false carrier locking response to the o^t frequeivy 
being substantially equal to the symbol rate divided by four or an integer multq>le there of 

35 aiid a false carrier kxlc circuit comprising a first detector for detecting coitt^ 
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spaced 180- apart, and a second detector cooperating with said first detector for detemuning 
false carrier locldng further based upon an inten^ening sample betw 
symbols beii^ ontride a predetennined distance from the origin. 

The invention also indudes a method for detecting fiilse carrier locking of a 

5 demodulator for a quadrature amplitude modulated (QAM) signal the method 
<l»aracleii2ed by tfie steps of: 

generating, from the QAM signal recehred symbols about an origin at a 

S)rmbolrale; 

generating an ofisct frequency for a controllable osdllalor of the demodulator 
10 tolocktoacairieroftheQAMsignalthedemodulatorbeingsusceplibletofalsecarrier 
locking responshre to the offset frequency being substantially equal to the symbol rate 
divided by four or a mnlt^le fliereo^ 

detecting whetfier consecnthw leoehred symbols are spaced 180" apart; 
detecting whether an intervening san5>Ie between the consecutive lecewed 
15 «^bolsisoutrideapredetennineddistancefromfteorigin;anddetermB^ 

locking based upon flieconsecutivB recehred symbds being 18(r apart and the intervening 
sanqjle being outside the predetermined distance from fte origin. 

An ol^ of are inventfon to provide accurate carrier leooveiy for a QAM 

signal and to mcrease the reliahi% of a QAM demodublor diarit by detecting a fab^ 
20 conditian. 

Advantageously, a receiver for a quadrature amplitude modulated (QAM) signal 

comprising a demodubtor for generating, from the QAM signal receded symbols about an 

origin at a symbol rate. The demodutotor oQu^mses a controllahle osdlfalOT 

frequency generator for generating an ofEset frequency for the cantrolbbte « 

25 toacairieroffteQAMsignaLThedemodutotorissascepfilfetofalsecarriertaJdn^ 

responshre to Ae olEset fcequeay being substantia^ eqiial to Ae symbol rale dw 
four or a mnltq>Ie theieol 

Convenient^, the leoehrer further mchides a false earner lock dicoit COT 
first detector for delecting omsecutwe symbofa spaced 180^ apart, and a second detects 
30 oooperatingwiththefirstdetectorfordelermininglalsecarrierkKkingfarflierb^ 
an intervening saiiq)te between the consecuthre symbols being outside a predetermined 
distancefromtheorigin. Unis, the receiver can determine a false carrier lock eonditkm and 
re-initialize the carrier kxkir^ operation. 

The false canier kick drcuit inay comprise an output dicuit for generating a fabe- 
35 J«*rf8nal responshre to the fin* and second detectois. Such an output dicuitpreferab^ 
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includes at least one logic gate connected to outputs of the first and second detectors^ an 

averager for receiving pulses from the at least one logic ^te, aii^ 

conqiaring an ou^ t of the averager to a ttwe^ld to generate die false-lock signal 

Additionally, the second detector pref eral^ processes saonples at twice the synibol 
5 rate. Also, the CQiitn}IhUe oscillator arid offset £requeiicygpieratorde£^ 

frequency range so that for relatively low symbol rates^ the symbol rate dwided by four is 
within the locking frequency range. Hie demodulator may indude a timing l ec oveiy circuit; 
and the receiver may imlude a tuner, an analog-digital converter connected between tte 
tuner and the denK>dtilator, and a decoder connected to the demodiilator. 

10 According to a metfiod aspect of the inventioiv steps are provided for detecting false 

carrier locking of a demodidator for a quadrature an^litude modulated (QAM) signaL The 
steps iiK^de generating, from the QAM signal, received symlx^ about an origin ata 
symbol rate, and generating an offset frequency for a controIlaUe oscillator of the 
demodulator to lode to a carrier of tiie QAM signaL Tte demodulator is susceptible b> false 

15 carrier loddngrespc»isive to tiiec^Esetfreqjieiicy being substa 
dhdded by fcnir or a ritultii^ thereof . IHirther, 

consecutive reodved symbols are spaced 180** apart; detecting whether an intervening 
saccule between ttie consecative recehred symbols is outside a predetermined distance from 
the origin; and detetminiiig false carrier locking based upon the am^^ 
20 syinbols being 18(r apart and the iitierverangsaix^kbei^ 
distance from the origin. 

invention win itow be described by way of exaixq>Ie, with reference to the 
accompanjring drawings in whkii: 

FIG. 1 is a constellation plot illustratii^ the prior art metiiod of monitoring the 
25 received QAM signaL 

FIG. 2 is a sin^fified schematic diagram of a receiver indoding a false carrier 

lockdetectcnr. 

HG. 3 is a incm detailed sdiematk diagram of a false carrier lock detect!^ 
shown in FIG 2; and 

30 FIG5.4and5areoQnstdlationplotsilk]stratinglheinetfaod 

The invei^on is directed to a false carrier lock detector for a QAM demodulator 
drcuit and associated metiiods which detect that tte constellation rotates at Rs/4 (or a 
multipleof V4) and tiiat die QAM demodufatOT drcuit fe falsely kxted. The basic 
35 conq>onenls of a recehrer 10 indndir^ a false carrier kxic detector in acc^ 
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presentiiwentionwfflrowbedesaibedwithiefei^ "nte receiver 10 

iiuJudesatuiKrlZawiananalog^talooin^Mforimlialpro^ 
QAM signal Tl»e receiver 10 also indudes a denK,dnhtor 16 and a de^ 
procGssingandontputtingoftheiirfbriiaticmQftte 

5 '^'*°»°*^«J«to'16g««rate8,fitMntheQAMrfgnalreceh«dsy^ 

ongmatasyirfK>ln.te. Atj^kaldemodufator 16iiKl«desacarrfcrrecave,ydreuit22anda 
tinu„grecaveiydnnHt24. As is aHwentic«uI,tf«ti™^dreuit 24 generates dodc pulses to 
ensure tfrntsa^r^ling occurs atapredeterimnediate,e.g.fl«symbol^ fte 
recovery drcuit 22 performs carrier recovery through a phase-lodced bop (PLL) in 
10 '^hiAarefiaencecarrierisgeneratedforuseinde-ntotinginanningsyirfw 

The carrier recoveiy drcuit 22 indudes a controllable osdlla tor 26, sud, as a voltage 
cm^^Ded osdDator (Va)),anda„„ffi«tftequenc7 generator 28 f^^ 

ftequency for the OHitionabfe osdnator 26 to lode to a carrier of the QAM signal 
Unfartunatefy, the demodufator 16 is 8uscq,tiWe to carrier 1^ 
15 «^tft«quencyl«ngsubslanlia%equaltoli«8yndx,l^ 

anmtegermulliplethereot oortroBaHeosdnator 26 and ofeet&equency generated 28 
definealoddng frequency range. TheM«ca,rierIoddngcB„occur,^ 
rcbtively low, so ftat V4 is wittiin the loddng frequency range. 

Therefore, the receiver lOindudesafyse carrier lode dfilednr20todetedafalse.l«^ 
20 ^«onofthedenKKiulatorl6.Thefalsecarrierlodcdetector20oftheinv«^ 

theconstdktionattwicethesynAolrate. In the normal case, when the constellation fe«,t 
lotating, if two consecuth^e received syinbob are 180" apart, the sax^^^ 
twosyn*olswiHbedosetotheorigin. This is d«mn in FIG. 4, where A and C indicate the 
twoconsea»tivesyinbcA,andXrepresenlsa«intaveningsa^^ 
25 i«ridelhewi«towWan»«Iftec«igfa. When fteccmsteHation is rotating at 1^4 or an 
mteger «nn%le thereof however, if iwoocmsecuth^ received 
apart the intervening sample X- taken l«lween fl« two symbols win not be d^ 
or«in,as8howninHG.5. bstead the irterveningsan^leX' will be outride the window W 
RefeiringagainmoreparticubriytoFia3,intfiefalsecairierkxidetector20 thel 
30 ''"IQbasebandsignalscomingfromthedemodulatorWareappBedtoalSO-detector 
orcuit 30 that detects that two consecutive symbols are 180" apart 

^'««'«»dQ baseband signals are appKed to a seccaid or near origin detedor 
cnaut 32 that detedswheBierninterveningsan^k is insideawindow around fteorig^ 
If two oonsecuth^ q^mbob A' and B- are 180- apart and the intervening sa^^ 

35 <=fa«totheorigin(Ha5),apulseispresentedattheo«^tofalogicgate34.forexa^ 
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anANDgatewiihaninvertediiqmtccmpledtothenearori^ Thosepubesare 
counted or integrated (wer a predetermined ^ 

theoutputoftheaverager36i8higherthanapredetenninedihre8ho!d,alid^ 
is indicated as an outputatlhe output of the averager 36 con^atordiaiit 38. 

5 ""^^^^erager 36 and the comparator 38 can be either digital or analog, and the 

averagermayindude an RClowpass filter. The false lock detector 20 of the present 
invention can be used for any QAM modulation, e.g., 4, 16, 3X 64, 128, or 256 QAM. 

According to a method aspect of the invention, steps are provided for detecting false 
carrier locking of the demodulator 16. The steps include generating, from the QAM signal 
10 received symbols about an origm at a symbol rate, and generating an ofife«tfie<piency for 
cantrollableosdllator26ofthedemodulatorl6tolocktoacaiTier6ftheQAM8ignaL As 
discussed above, the demoduktor 16 is unfortunatdy suscepb^le to false carrier lodd^ 
responshre to the ofeet frequency being substantially equal to or an integer thereof. 
Also, the method includes the step off processing samples at twice the symbol rate. 

15 Further,themethodindudes:detectingwhetherconsecuth^recehredsymbolsarespaced 
IStr apart; detecting whether an intervening sample between the consecuth^e received 
symbols is outside a predeteimmed distance from the origin; and detennining false carrier 

lockmg based upon the consecuth^e receded symbols A' and r being W apart and the 
intervening sample X' being outside the predetermined distance an window W from the 

20 origiiv as illustrated in FIG. 5. 

The method may include the step of generating a false-lock signal based upon the 
false carrier locking determination. Referring to FIG. 3, generating this falseJock signal 
preferably indudes the steps of: generating pulses based upon the consecuthre lecehred 
symbols being 180« apart and the intervening sample bemg outside the predetermined 

25 «li»tancefromtheorigin;generatinganaverageofthepulsesoverapredetei^ 
ocm^wring the average with a threshold to generate flw false-lock signal 

The recent 10 including fl« false k)cking detector drcuit 20 and can be used fora 

«dde range of radio frequency nmges^ and is partKularlybeneBdal for mkaowave radio 

frequencies. 

30 Arecdverinchidesademodulatoranda false carrier lock detector dicuit for a 

quadrature ampKtude modulated (QAM) signal The demodulator indudes a cxmttoDabie 

osdllator and an ofiset frequency generator for generating an offi«t frequency for ttie 
controlfabfe osdlfator to kxJc to a carrier of the QAM signal Ihe demodulator is susceptiMe 
to false caiTier loddng responsive to the offset frequency being substantially equal to the 
35 symbolratedividedbyfouroranintegermulliplethereof. TTie recewer ftmher indudes the 
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1 A receiver for a quadrature anq)litadeinc)dtihted (QAM) sig^ 
demodulator for generating, from tlie QAM signal, received symbols about an origin at a 
symbol rate, said demodulator comprising a controllable oscillator and an olfeet frequency 
5 generatorforgeneratingano££set£requencyforsaidcontiolfabfeosdaiatortolod^ 

of the QAM signal characterized in that said demodulator being susceptible to false carrier 
locking responsive to the offset frequency being substantially equal to the symbol rate 
divided by four or an integer multiple there of and a false carrier lock circuit comprising a 
first detector for detecting consecutive symbols spaced 180» apart; and a second detector 
10 <«>perating with said Brst detector for determining false carrier tockingf^ 

an intervening sample between the consecutive symbols being outside a predetermined 
distance from the origin. 

2. A recehrer as claimed in Claim 1 characterized in that said fake carrier lock 
circuit con^nrises an output circuit for generating a false lock signal responsive to said first 
15 andsecQnddetectors,inwhidi8aidoufp«tdrcuUconqmsesatleastonel^^ 
to outpuls of said first and second detectors, an averager for recehdng pulses fio^ 
least one k)gic gate, and a compaiator for onxqjaring an output of said averager to a 

threshold to generate the false lode signal and said second detector processes san^les 
twice the symbol rate. 

20 3. A reodver as claimed m Claim 1 characterized in that said controllable 

oscillator and offset frequency generator deBne a locking frequency range so Aat for 
relatively low symbol rates, the symbol rate divided by four is within ttte kxJdng frequency 
range, and said demodulator further comprises a timing recovery circuit 

4. A receiver as claimed in Claim 1 characterized in that a tuner an analog- 

25 %ifal converter connected between said tuner and said demodulator, and a decoder 
connected to said demodulator. 

5. A reoewer for a quadrature ampHtude modulated (QAM) signal comprising 
ademoduktor for generatmg,fiomfteQAM signal recent symbols aboutanoriginata 
sj^l rate, characterized in that a false airrier kxJc draiit comprising a first detector for 

30 detectingconsearth«jgmibob8pacedl80-aparl,andaseconddetectora^ 

said firct detector for determnimg false carrier locking of said demoduhtor further b^ 
upon an intervening sample between the consecutwe symbols being outside a 

predetermined distance from the origiiv m whidi said Idse carrier lock dicuit comprises a 
output drcuit for generating a false lock signal responsh^ to said first and second detectors. 

6. A receiver as claimed in to Claim 5 characterized in that said output circuit 
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^««to«aM«]odc«,gnal«panrive tosaid firstandsecond detector. 
9. AreceiverincludingafalsecanierkxidKndtascIam^dm 

amded by four or a multiple Aereo^ 

^ detecting whether consecutive received symbols a« spaced 180- apart; 

sv^bo... ^f^''*^'''""*^^'^fe»«t«^«»ti»ainsea^ 
«,-a«b„au,s«,eap„^ete«^^^^^^.^^^^^ 
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locking based upon the consecutive received symbols being 180° apart and the intervening 
sample being outside the predetermined distance from the origin. 

11. A method as claimed in Claim 10 characterized by the step of generating a 
felse lock signal based upon the felse carrier locking determination, in whfch the step of 
generating a fake lock signal comprises the steps of generating pulses based upon the 
consecutive received symbols being 180" apart and the mtervening sanyle being 

5 predetermined distance from the origin, generating an average of the pulses over a 
predetermined time, comparing the average with a threshokl to generate the false kx* 
signal, and including the step of sampling the symbols at twice the symbol rate. 

12. A method for detecting false carrier locking for a quadrature an^Utude 
modulated (QAN4) signal, the method characterized by ttie steps of detecting wheOier 

10 consecutive received symbols of the QAM signal are spaced 180° apart, detecting whether an 
intervening sample between the consecutive received symbols is outside a predetermined 
distance from an origin, determining false carrier locking based upon the consecutive 
received symbols being 180" apart and the intervening sample being outside the 
predetermined distance from the origin, including the step of generating a false k)ck signal 

15 based upcMi the false carrier locking detennination. 
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